Non-malignant fibrosing tumors in the pediatric hand or juvenile fibromatoses are clinically challenging because of their relatively infrequent occurrence and because of the variety of names associated with these diseases. We conducted a review of a personal case series of pediatric patients with these tumors and discuss here the more common histologic types and clinical characteristics of the disease spectrum in the context of the available published literature. All histologic samples were reviewed by a single pathologist. Infantile myofibromatosis, fibrous hamartoma of infancy, juvenile aponeurotic fibromatosis, palmar fibromatosis (Dupuytren's type), infantile digital fibromatosis (Reye's tumor), fibroma of the tendon sheath, and melorheostosis represent the encountered lesions.
Introduction
Stout coined the collective term "juvenile fibromatosis" more than 50 years ago to incorporate the host of nonmalignant fibrosing tumors that occur in childhood [26] , and the nomenclature has been confusing ever since. Some of the earlier names for these lesions, such as aggressive fibromatosis, recurrent digital fibrous tumor, and congenital fibromatosis, were merely descriptive and conveyed no clinicopathologic meaning [2] . Certain histologic types and pathologic diagnoses, however, are characteristic, as are the clinical properties that distinguish one tumor type from another. Using individual case studies from a personal series of cases, we evaluated 12 children, together with their pathologic subtypes, who presented for treatment of fibrosing tumors of the hands and fingers. Cases representative of each subtype were chosen.
Because of its diagnostic importance, histologic examination of suspected juvenile fibromatosis lesions should, in addition to routine hematoxylin and eosin staining, include Masson Trichrome, immunohistochemical markers for smooth muscle (MSA, HHS 35, Dako), and histiocytic (CD68, PG-M1, Dako) markers as needed. The correct diagnosis can usually be established by attention to the combination of clinical characteristics-age at onset, site of involvement, and appearance-and specific histological features. Knowledge of the typical course of these lesions guides the approach to treatment.
Clinical and photographic records of all patients had been maintained. All patients were operated upon by a single surgeon, and tissue samples were reviewed by one pathologist with a special interest in fibromatoses of children. A review of available published literature was performed.
Clinical Features and Treatment
The juvenile fibromatosis lesions represented in our series of pediatric hand patients are infantile myofibromatosis, fibrous hamartoma of infancy, juvenile aponeurotic fibromatosis, palmar fibromatosis (Dupuytren's type), infantile digital fibromatosis (Reye's tumor), fibroma of the tendon sheath, and melorheostosis. Some specific characteristics of these commonly accepted subtypes of juvenile fibromatosis are discussed below ( Table 1) .
Infantile myofibromatosis, a term coined by Chung and Enzinger, exclusively affects infants and young children, with 60% of cases noted at birth or shortly thereafter and more than 80% occurring before the age of 2 years [6] . Infantile myofibromatosis is one of the most commonly occurring tumors of the neonatal period [14, 28] , presenting in both solitary and multicentric forms.
Most solitary forms occur in the head and neck region; the upper extremity is the next most common site [6] . Solitary lesions are usually cutaneous, involving the dermis and extending to subcutaneous tissue, muscle, and bone. Our series included three patients with solitary lesions affecting the hand. One type of the multicentric form of infantile myofibromatosis includes visceral involvement and one type does not. The visceral type is associated with significant morbidity, sometimes even mortality, and its presence requires clinical evaluation for other potential multicentric tumors. Spontaneous regression is generally the natural history of those infantile myofibromatosis lesions without visceral involvement [1, 14] .
A histologic zoning phenomenon is present in infantile myofibromatosis lesions. Peripheral spindle-shaped cells arranged in bundles blend centrally into less differentiated round or polygonal cells arranged in sheets [22, 29] . The spindle cells have the ultrastructural and immunohistochemical characteristics of myofibroblasts [1, 7] , staining positive for vimentin and alpha-smooth-muscle actin but negative for desmin. The cells are also negative for s-100 protein, differentiating them from more immature histiocytes [3] . Progressive cell differentiation is a possible explanation for the spontaneous regression of the solitary lesions [6, 29] .
This child was first seen at 12 months of age with a densely indurated, ulcerating lesion, present since birth, on the dorsum of the right hand. No other lesions were present. A diagnosis of infantile myofibromatosis had been established based on tissue biopsy. The child had extension contractures of the wrist and MP joints ( Fig. 1a ). Histology showed the two cell types characteristic of infantile myofibromatosis, myofibroblasts and fibroblasts, and the zonation effect in which smooth-muscle-appearing cells on the periphery of the lesion give way to central fibromatosis cells (Fig. 1b ).
Magnetic resonance imaging (MRI) demonstrated a large lesion deeply insinuated between the metacarpals. Operation revealed extensor tendons densely encased by tumor. The tendons were dissected out and spared. Because of the lesion's potential for spontaneous regression, we knowingly left behind tumor deep to the extensor tendons and between the metacarpals to avoid an excessively mutilating extirpative surgery. Immediate soft tissue coverage required a combination of full thickness skin grafting and a pedicle groin flap. The patient underwent a total of four surgical procedures over 5 years, including the original tumor biopsy, tumor resection and soft tissue coverage, scar excisions, and tenolysis. Figure 1c shows late follow-up of the hand. Both hand and wrist function well. Residual tumor left behind at the original resection has involuted; deep tissue biopsy at the time of tenolysis showed scar tissue only and no tumor recurrence.
Enzinger named fibrous hamartoma of infancy, which occurs in the first 2 years of life and may even be present at birth [9] . These tumors are usually solitary and have previously been thought to occur only rarely in the hands and feet [16, 18] . Fibrous hamartoma of infancy does not spontaneously regress and may recur following surgical resection. Microscopic features include an admixture of mature adipose cells, nodular aggregates of immature mesenchymal elements with interlacing bands of fibrocollagenous tissue, and spindled fibroblastic cells. This 1-year-old underwent resection of a tumor on the dorsum of the left thumb at an outside facility and presented to our facility with a recurrent mass that was illdefined on MRI 10 months later ( Fig. 2a ). The diagnosis of fibrous hamartoma of infancy was made histologically based on the simultaneous presence of three tissue types, well-defined bundles, or trabeculae of dense fibrocollagenous tissue; loosely textured cellular areas of immature fibroblasts, mesenchymal elements in a myxoid matrix; and mature adipose cells interposed between the other two elements. An organoid growth pattern justified the term hamartoma (Fig. 2b) .
The child had a second radical resection, which included skin, a segmental resection of the extensor tendon, and the dorsal capsule of the thumb MP joint. The tendon was immediately reconstructed with a palmaris longus free tendon graft, and soft tissue coverage was achieved with a reverse-flow pedicle radial forearm flap ( Fig. 2c ). He underwent further surgery for scar and flap revision 3 years later; deep tissue biopsy at that time was free of tumor. Some argue for a separate categorization of lipofibromatosis, saying that cases of infantile fibrous hamartoma have been previously miscategorized [13] . Lipofibromatosis is said to have a predilection for hands and feet, unlike infantile fibrous hamartoma, which more commonly occurs in the proximal upper and lower limb girdles. Additionally, while both types of lesions have mature adipocytes, the characterizing feature of infantile fibrous hamartoma is primitive organoid nests of mesenchymal cells in a loose myxoid matrix. Lesions of the hands may actually thus be lipofibromatoses, although this separate categorization has not been universally accepted. Certainly, lesions of lipofibromatosis that have had long-term follow-up and although incompletely excised have not progressed but equally have not necessarily regressed. This has been postulated to be the result of lesional maturation [13] . However, local recurrence is common, and complete removal is preferable.
Juvenile aponeurotic fibromatosis was first described by Keasbey [19] . The lesion tends to occur in older children with a relatively wide age range (2.5-9 years) reported and even occasionally in adults [15] . Our patient presented at 14 years of age. Although this lesion was originally called juvenile aponeurotic fibroma, a number of other terms have been used to describe it. The most commonly accepted name is juvenile aponeurotic fibromatosis [19] or, since the lesion may occasionally occur in adults, calcifying aponeurotic fibroma [10] .
The histologic hallmark is calcifications seen in conjunction with an otherwise unremarkable fibrosing disease. Stippled calcification may be visible radiographically. Nuclei are large and darkly staining. Calcification may not necessarily occur in younger infants [15] . These lesions classically occur on the fingers and palm but may arise in relation to tendons. Although presentation is reported to be painless [17] , our patient presented with a painful lesion. A recurrence rate of more than 50% is reported after resection [8] .
A 14-year-old patient experienced sudden, painful swelling over the dorsum of her right middle finger MP joint not associated with trauma. She presented with MP joint flexion restricted to 45°. Flexion of all other joints was normal. Sedimentation rate, rheumatoid factor, and antinuclear antibody serum studies were negative. MRI showed a mass deep to the extensor mechanism with dorsoradial metacarpal cortical erosion (Fig. 3a,b) .
Incisional biopsy of the mass revealed a pathologic diagnosis of juvenile aponeurotic fibromatosis. The predominant cell has large, dark-staining nuclei on hematoxylin and eosin preparation (Fig. 3c ). The characteristic calcifications of this disease are seen against a background of unremarkable fibrosis (Fig. 3d ). Radical excision included the metacarpal periosteum and dorsal MP joint capsule and the radial sagittal band of the extensor mechanism. Immediate reconstruction of the sagittal band was done with a free tendon graft weave. The patient had no evidence of recurrence 7 months later with middle finger MP joint flexion improved to 90°.
Palmar fibromatosis (Dupuytren's type) is rare in children; only two of the 139 patients described by Stout in his original article on juvenile fibromatoses had Dupuytren's contracture [26] . Subsequently, there have been isolated reports of its occurrence in children [20, 27] . Progressive finger contracture can be confused with camptodactyly or congenital ulnar drift [27] . The histology of this lesion is microscopically bland, showing dense collagen with little or no mitotic activity. While this condition most often occurs in slightly older children, it has occasionally been noted in the very young [27] .
This 5-year-old was referred with a presumptive diagnosis of camptodactyly of the left index finger. The PIP flexion contracture was 60°, and he had extension contractures of both the MP joint of the index finger and of the wrist. This problem was noted by his mother at 9 months of age and had progressively worsened. No palpable masses were present, although the palmar skin was thickened with dimpling and pitting (Fig. 4a ). MRI suggested a fibrosing condition involving the left index finger, dorsal wrist, and palmar aponeurosis. ren's disease were also discovered on the dorsum of the hand and wrist (Fig. 4b) . Release of the joint contracture was accomplished by excision of diseased tissue. Extensor tenolysis was required several months later to achieve total restoration of function.
Tumor histology was characteristically bland with dense collagen deposition and little or no mitotic activity in the absence of a clinical history suggestive of wounding or scarring (Fig. 4c ). Pathologic examination revealed identical histology on both the palmar and the dorsal aspects of the hand. The scar excised at the secondary surgery showed no histologic evidence of tumor recurrence.
Numerous terms have been used to describe infantile digital fibromatosis (Reye's tumor), including fibroma durum multiplex, infantile dermal fibromatosis, recurrent digital fibroma, and juvenile dermatofibroma. Reye first described infantile digital fibromatosis in 1955 [24] . Eight percent of infantile digital fibromatoses occur in the first year of life [2] . The condition may occur as a single nodule or in multiple lesions on the fingers or toes, and the thumb and great toe are always spared [11] . Characteristic "kissing" lesions may occur on adjacent surfaces of digits. These lesions may be associated with joint deformities and functional impairment. Recurrence occurs relatively com-monly after surgical excision; wide excision reduces the likelihood of recurrence. Lesions may resolve spontaneously, and so, a period of observation before excision is justified. However, frequently, the clinical diagnosis is not appreciated, and the unwitting surgeon may underestimate the significance of a relatively innocuous appearing lesion and so perform inadequate excision.
The histology of infantile digital fibromatosis is characterized by fibroblastic proliferation within a collagenous matrix. Mitotic figures are scant. Eosinophilic, intracytoplasmic inclusion bodies are pathognomonic. Immunohistochemically, the inclusion bodies do not stain with antibodies to vimentin, keratin, or desmin and are thought to be actin contractile filaments [2, 12] .
A 6-year-old had undergone excision of a lesion from the ulnar side of the ring finger at the DIP joint 6 months previously with a pathologic diagnosis of infantile digital fibromatosis. She presented to us with recurrence of the ring finger lesion and a new kissing lesion on the radial aspect of the little finger (Fig. 5a) . Wide re-excision of the former lesion included resection of the ulnar collateral ligament of the DIP joint; the new lesion was excised. Ring finger wound reconstruction was accomplished with a reverse-flow homodigital island flap and little finger reconstruction with a full thickness skin graft (Fig. 5b) . Pathology of the excised lesions showed the characteristics of infantile fibromatosis, the hallmark being intracytoplasmic inclusion bodies within proliferating spindle cells (Fig. 5c) .
Fibroma of the tendon sheath occurs in both adults and children, with 20% of cases occurring in children and adolescents [5] . These lesions most commonly affect the fingers, hand, and wrist, with thumb involvement in as many as 41% of patients [5] . Deeply attached to the tendon or tendon sheath, these tumors are usually solitary, with a characteristic lobulated external appearance and usually small, 1-2 cm in diameter. The skin overlying a tendon sheath fibroma, unlike infantile digital fibromatosis lesions, is generally not adherent since the dermis is seldom involved.
Although fibromas of the tendon sheath can be confused with giant cell tumors of the tendon sheath, the giant cell tumor occurs in older patients and contains characteristic macrophages and siderophages, which are not present in the tendon sheath fibroma. Histologically, fibromas of the tendon sheath are composed of a proliferation of dense fibrous stroma with slit-like vascular channels. Fibroblast spindles are stellate-shaped. Cells may be arranged in fascicles. Other histologic features include myxoid change, osteoid change, hyalinization, and scattered multinucleated giant cells [5] .
A 12-year-old presented with a 4-month history of a firm, painless, progressively enlarging nodular mass on the volar aspect of the proximal phalanx of the right thumb. The 1.5-cm mass had a lobulated appearance and was nonadherent to the overlying skin but was adherent deeply. Histologic examination on excision showed fibroblastic proliferation with scattered multinucleate giant cells. No foamy macrophages were identified in this lesion. The diagnosis of fibroma of tendon sheath was made.
Melorheostosis or periarticular fibrosis was first described in 1922 [25] . In this lesion, hyperostosis is associated with fibrosis of adjacent soft tissues leading to stiffness and loss of function. It is a condition of mixed clinical and histologic diagnosis. Surgery does not improve function and has little role other than that of diagnostic biopsy.
A 2-year-old child presented with pain and swelling of the proximal phalanx of the middle finger. Because of significant pain and a parent-described inability to move the finger, she was thought to have a "hairline fracture". When first seen in our facility several weeks later, the child had significant swelling of the digit, minimal residual pain, and obvious stiffness of the finger with limited flexion (Fig. 6a) . Radiographs suggested increased sclerosis of the proximal phalanx, but the characteristic radiologic diagnosis was not yet apparent. Incisional biopsy of the mass down to bone revealed a fibrosing tumor of soft tissue (Fig. 6b) . Repeat radiographs over the ensuing few months made the diagnosis of melorheostosis more obvious, demonstrating hyperostotic changes of the proximal and middle phalanges and the appearance of dripping candle wax (Fig. 6c) . The patient has been followed up for 4 years. Swelling has subsided but was not resolved, and flexion has improved. Radiographs, while still abnormal, show improvement of the middle and proximal phalanges.
While melorheostosis is classified with the sclerosing bone dysplasias, we believe that it warrants inclusion in the clinical differentiation of the fibromatoses. The swelling and periarticular fibrosis may precede the classical bony sclerosis and "dripping candle wax" appearance of radiographs [15] . The fibrosis may involve all layers of soft tissue, extending to the dermis and giving a linear scleroderma-like clinical picture [21] .
Discussion
Most of the characteristic juvenile fibromatoses are included in this clinicopathologic synopsis provided by our patient series. While many older terms for the various juvenile fibromatoses or non-malignant fibrosing tumors of the pediatric hand have been discarded, certain histologic types and pathologic diagnoses are characteristic and have stood the test of time. We found examples of most of these juvenile fibromatosis subtypes affecting the hand and fingers in our group of pediatric patients. Each subtype has both a characteristic histologic appearance and clinical features that distinguish one tumor type from another. For example, infantile digital fibromatosis occurs most commonly in young infants and involves fingers and toes; the great toe and thumb are never affected. Fibroma of the tendon sheath, in contrast, occurs in older children and usually involves the thumb.
Lesions of infantile digital fibromatosis probably involute with age. Because these lesions are often nodular finger lesions that appear innocuous, surgeons may underestimate the aggressiveness of their actual clinical behavior, resulting in a high rate of recurrence. Our series of patients included children who developed recurrences after limited local excision. With adequate resection, however, often with a skin graft or local flap for wound closure, the recurrence rate following surgical excision for infantile digital fibromatosis should be low [12] . Infantile myofibromatosis may occur in very young infants and may be quite aggressive; solitary infantile myofibromatosis lesions may, however, eventually involute. Lesions of fibrous hamartoma of infancy tend to occur far less commonly in the hand than in the more proximal limb and in the head and neck [16] . This lesion seldom regresses spontaneously, and post-surgical recurrence is common.
One can usually establish the correct diagnosis through a combination of clinical characteristics-age at onset, site of involvement, and clinical appearance-and specific histological features. Knowledge of the natural history of these lesions guides the development of the optimum treatment strategy. Soft tissue tumors represent 25% of all neoplastic diseases occurring in infants; 85% of these are benign [23] . Infantile fibrosarcoma is one of the most common malignant fibrous tumors of infancy, and it usually occurs on the extremities [23] . It can be present at birth, and patients with infantile fibrosarcoma tend to be 5 years or younger. Infantile fibrosarcomas have a more favorable prognosis compared with adult lesions and are associated with 80% 5year survival rate, although metastases have been reported up to 17 years after the initial surgical procedure [4] . Incisional biopsy of a suspected juvenile fibromatosis lesion may be necessary to establish the correct diagnosis and rule out malignancy. Surgery is required when nonmalignant fibrosing conditions in a child compromise hand function and cause joint contractures.
Clinically, infantile fibrosarcoma presents as a painless, rapidly growing mass. Most of the juvenile fibromatoses present as painless masses. However, two of our patients had pain as a presenting feature-namely juvenile aponeurotic fibroma and fibromatosis associated with melorheostosis. Lesions of infantile fibrous hamartoma can reach particularly large size relative to other fibromatoses. While magnetic resonance imaging is often performed, it is not always helpful in detailing the precise margins of the tumor. Indeed, one of our patients with a palpable lesion in the base of the first webspace had a reportedly "normal" MRI scan.
Given the fact that these young infants may often require sedation to perform an MRI, magnetic resonance scanning is not always recommended. Imaging may already have been done by the time the child is referred. However, where the diagnosis is not clinically obvious and especially for larger lesions, MRI may help in identifying the extent of the lesion and should certainly be done if infantile fibrosarcoma is suspected. However, one cannot absolutely rely on MRI for precise definition of tumor margins since the tumor "blends" into surrounding normal tissue. For the same reason, frozen section is not helpful, and complete resection may be difficult to achieve because it is hard to identify intraoperatively the periphery of the tumor from normal tissue.
Our case series has been very helpful in clarifying clinicopathologic features of juvenile fibromatoses, which can sometimes be a confusing group of "tumors". We have also tried to rationalize treatment options based on known clinical behavior. It is important to draw the distinction from infantile fibrosarcoma.
